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Abstract 

Background: About one third of deaths in children less than 5 years of age are due to underlying undernutrition. 
According to an estimate, 19.4% of children <5 years of age in developing countries were underweight (weight- 
for-age Z score <-2) and about 29.9% were stunted in the year 2011 (height-for-age Z score <-2). It is well 
recognized that the period of 6-24 months of age is one of the most critical time for the growth of the infant. 

Methods: We included randomized, non-randomized trials and programs on the effect of complementary feeding 
(CF) (fortified or unfortified, but not micronutrients alone) and education on CF on children less than 2 years of 
age in low and middle income countries (LMIC). Studies that delivered intervention for at least 6 months were 
included; however, studies in which intervention was given for supplementary and therapeutic purposes were 
excluded. Recommendations are made for input to the Lives Saved Tool (LiST) model by following standardized 
guidelines developed by Child Health Epidemiology Reference Group (CHERG). 

Results: We included 16 studies in this review. Amongst these, 9 studies provided education on complementary 
feeding, 6 provided complementary feeding (with our without education) and 1 provided both as separate arms. 
Overall, education on CF alone significantly improved HAZ (SMD: 0.23; 95% CI: 0.09, 0.36), WAZ (SMD 0.16, 95% CI: 
0.05, 0.27), and significantly reduced the rates of stunting (RR 0.71; 95% CI: 0.56, 0.91). While no significant impact 
were observed for height and weight gain. Based on the subgroup analysis; ten studies from food secure 
populations indicated education on CF had a significant impact on height gain, HAZ scores, and weight gain, 
however, stunting reduced non-significantly. In food insecure population, CF education alone significantly 
improved HAZ scores, WAZ scores and significantly reduced the rates of stunting, while CF provision with or 
without education improved HAZ and WAZ scores significantly. 

Conclusion: Complementary feeding interventions have a potential to improve the nutritional status of children in 
developing countries. However, large scale high quality randomized controlled trials are required to assess the 
actual impact of this intervention on growth and morbidity in children 6-24 months of age. Education should be 
combined with provision of complementary foods that are affordable, particularly for children in food insecure 
countries. 
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Background 

About one third of deaths in children under 5 years of age 
are due to underlying undernutrition, which includes 
stunting, severe wasting, deficiencies of vitamin A and 
zinc, and suboptimum breastfeeding [1]. Childhood mal- 
nutrition is prevalent in low and middle income countries 
(LMICs), and according to an estimate, 19.4% of children 
<5 years of age in these countries were underweight 
(weight-for-age Z score <-2) and about 29.9% were stunted 
(height-for-age Z score <-2) in the year 2011 [2]. The pre- 
valence of both underweight and stunting is highest in 
Africa and South-Central Asia and stunting and wasting 
along with intrauterine growth restriction are responsible 
for about 2.1 million deaths worldwide in children <5 
years of age [3]. 

Infants from 6 to 18 months are especially vulnerable 
to developing malnutrition. In order to sustain the gains 
made by promoting exclusive breastfeeding for the first 
six months of life, interventions need to extend into the 
second half of infancy and beyond. This could be ensured 
by enabling caregivers to appropriately feed their children 
with safe and adequate complementary foods while main- 
taining frequent breastfeeding [4]. It is well recognized 
that the period of 6-24 months of age is one of the most 
critical time in the growth of an infant [5] . The incidence 
of stunting is the highest in this period as children have 
high demand for nutrients and there are limitations in 
the quality and quantity of available foods, especially 
after exclusive breastfeeding [1,6]. Complementary feed- 
ing (CF) for infants refers to the timely introduction of 
safe and nutritional foods in addition to breast-feeding 
i.e. clean and nutritionally rich additional foods intro- 
duced at about six months of infant age [5]. According to 
the World Health Organization, CF should be timely, 
adequate, appropriate, and given in sufficient quantity 
[7]. 

Several strategies have been employed to improve CF 
practices [1]. These include nutritional counseling to 
mothers designed to promote healthy feeding practices; 
provision of CF offering extra energy (with or without 
micronutrient fortification); and increasing energy density 
of complementary foods through simple technology [1,8]. 

Over the last five years, several reviews have been 
published on the impact of various CF interventions 
[1,5,9]. Dewey and Adu-Afarwah 2008 [1] included 
seven efficacy trials which indicated that provision of CF 
can have a significant impact on growth under well-con- 
trolled situations. Imdad et al. [5] demonstrated that 
both provision of appropriate CF (with or without nutri- 
tion counseling) and nutrition counseling alone have a 
significant impact on improving weight and linear 
growth. 

In this review, we have assessed the impact of education 
on CF and provision of CF with or without education on 



growth and morbidity among children under 2 years of 
age in LMICs. We reviewed the available literature and 
evaluated the quality of included studies according to the 
Child Health Epidemiology Reference Group (CHERG) 
adaptation of Grading of Recommendations, Assessments, 
Development and Education (GRADE) criteria [10]. 

Methods 

To evaluate the impact of CF interventions on child 
growth, a search, following CHERG Systematic Review 
Guidelines, was conducted on PubMed, Cochrane Library, 
Google Scholar and WHO global database. We also 
reviewed the reference lists of identified articles, existing 
reviews and meta-analyses, and looked for studies that 
were not identified in the initial search. We included ran- 
domized (individual or cluster) and non-randomized con- 
trolled trials and programs. The last date of search was 
October 01, 2012 and we did not apply any language 
restriction. 

Inclusion/exclusion criteria 

Studies on education on CF and provision of CF (forti- 
fied or unfortified, but not micronutrients alone) with 
or without education were included if those provided 
interventions for at least 6 months and were conducted 
in LMICs on children less than 2 years of age. Studies 
in which interventions were given for supplementary 
and therapeutic purposes were excluded. We also 
excluded studies in which fortified complementary 
foods were compared with non-fortified complemen- 
tary foods. 

The developing countries were defined according to 
World Bank classification [11]. Studies were classified 
into one of two groups according to the food security sta- 
tus of the study populations. Studies in populations with 
an average per capita income under USD 1.25 were clas- 
sified as "food insecure" while studies in populations with 
a higher income were classified as "food secure". The pri- 
mary outcomes were height gain (cm), weight gain (kg), 
the absolute gain in height-for-age Z score (HAZ) and 
weight-for-age Z score (WAZ), stunting (<-2 HAZ) and 
underweight (<-2 WAZ). We also studied outcomes for 
morbidity including diarrhea, respiratory infections and 
fever. 

Data abstraction 

For the studies that met the final inclusion criteria, data 
was abstracted describing study identifiers and context, 
study design and limitations, intervention specifics and 
outcome effects into a standardized abstraction form as 
detailed in the CHERG Systematic Review Guidelines [10]. 
Each study was assessed and graded according to the 
CHERG adaptation of the GRADE technique. Randomized 
trials received an initial score of "high". One- to two-point 
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grade increases were allotted to studies with statistically 
significant strong levels of association (>80% reduction). 



complementary feeding with or without education are pre- 
sented in additional file 2. 



Quantitative data synthesis 

We conducted meta-analyses for individual studies and 
pooled statistics was reported as the relative risk (RR) 
for categorical data and standard mean difference 
(SMD) for continuous data between the experimental 
and control groups with 95% confidence intervals (CIs). 
HAZ scores were further converted into stunting con- 
sidering the standard deviation of 1.4 for stunting in the 
population [9]. All analyses were conducted using the 
software Review Manager 5.1. Heterogeneity was quanti- 
fied by Chi 2 and I 2 , which can be interpreted as the per- 
centage of the total variation between studies that is 
attributable to heterogeneity rather than to chance, a 
low p-value (less than 0.1) or a large chi-squared statis- 
tic relative to its degree of freedom and I 2 values greater 
than 50% were taken as substantial and high heteroge- 
neity. A subgroup analysis was also performed based on 
food security of the populations. 

We summarized the evidence by outcome, including 
qualitative assessments of study quality and quantitative 
measures, according to the standard guidelines. A grade of 
"high", "moderate", "low" and "very low" was used for 
grading the overall evidence indicating the strength of an 
effect on specific health outcome according to the CHERG 
Rules for Evidence Review[10]. The study characteristics 
for the impact of education on complementary feeding are 
shown in additional file 1. The study characteristics for 
studies that investigated the impact of the provision of 



Results 

We found 701 titles on the initial search, of which 16 
met the inclusion criteria and were finally included 
(figure 1). Amongst these, ten studies provided educa- 
tion on CF [12-21] alone whereas, seven [17,22-27] pro- 
vided CF with or without education. Bhandari et al [17] 
was a three arm study in which one arm received educa- 
tion on CF and the second arm received CF, while the 
third arm was a control group with no intervention. Six 
of the included studies [13-15,19-21] were from food 
insecure population, while ten were from food secure. 

Overall impact 
Education on CF 

The combined pooled analysis of studies from both food 
secure and insecure populations, found that education 
on CF alone significantly improved HAZ (SMD: 0.23; 
95% CI: 0.09, 0.36, 5 studies) (Figure 2), WAZ (SMD 
0.16, 95% CI: 0.05, 0.27, 6 studies) (Figure 3), and signif- 
icantly reduced the rates of stunting (RR 0.71; 95% CI: 
0.60, 0.76, 5 studies) (Figure 4). While no significant 
impact were observed for height gain (SMD 0.23; 95% 
CI: -0.00, 0.45, 6 studies) and weight gain (SMD 0.26; 
95% CI: -0.00, 0.52, 7 studies). Education on CF alone 
was also assessed to evaluate its effect on improving the 
actual feeding practices or compliance with the recom- 
mendations. We evaluated compliance by pooling the 
average uptake of various recommended foods and 
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Figure 1 Search flow diagram 
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Figure 2 Forest Plot for the effect of education on complementary feeding and HAZ scores: Food secure vs. insecure population 



found that education on CF significantly improved the 
uptake of these recommended foods by 62% (RR: 1.62, 
95% CI: 1.17-2.26). 

Provision of CF with or without education 

The combined pooled analysis indicated that provision of 
CF with or without education reduced the incidence of 
respiratory infections by 33% (95% CI: 0.49, 0.91, 3 stu- 
dies) (Figure 5). However, no significant impacts were 
observed on diarrhea (RR 0.75; 95% CI: 0.42, 1.35, 3 stu- 
dies) and fever (RR 0.89; 95% CI: 0.41, 1.90, 2 studies). 

Food secure population 
Education on CF 

We found six studies that evaluated education on CF 
alone [13-15,19-21]. The pooled analysis found significant 



impact of education on CF on height gain (SMD 0.35; 95% 
CI: 0.08, 0.62, 4 studies), HAZ scores (SMD 0.22; 95% CI: 
0.01, 0.43, 4 studies) (Figure 2) and weight gain (SMD 
0.40; 95% CI: 0.02, 0.78, 4 studies), while no significant 
impact was observed for WAZ scores (SMD 0.12; 95% CI: 
-0.02, 0.26, 4 studies) (Figure 3) and stunting (RR 0.70; 
95% CI: 0.49 1.01, 4 studies) (Figure 4). 

Food insecure population 
Education on CF 

We found four studies from food insecure population 
that provided education on complementary feeding 
alone [12,16-18]. The pooled analysis found a significant 
impact on HAZ (SMD 0.25; 95% CI: 0.09, 0.42, 1 study) 
(Figure 2), WAZ scores (SMD 0.26; 95% CI: 0.12, 0.41, 
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Figure 3 Forest Plot for the effect of education on complementary feeding and WAZ scores: Food secure vs. food insecure population 
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Figure 4 Forest Plot for the effect of education on complementary feeding and stunting: Food secure vs. insecure population 
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2 studies) and significantly reduced the rates of stunting 
(RR 0.68; 95% CI: 0.60, 0.76, 1 study) (Figure 3 and 4). 
While there was no significant impact observed on 
height gain (SMD 0.00; 95% CI: -0.15, 0.16, 2 studies), 
weight gain (SMD 0.06; 95% CI: -0.13, 0.25, 3 studies), 
and underweight (RR 1.03; 95% CI: 0.90, 1.18, 1 study). 
Provision of CF with or without education 
We identified 7 studies [17,22-27] that provided CF with 
or without education in food insecure population. The 
pooled analyses found a significant impact on HAZ 
(SMD 0.39; 95% CI: 0.05, 0.73, 7 studies) (Figure 6), 
WAZ scores (SMD 0.26; 95% CI: 0.04, 0.48, 3 studies) 
(figure 7), and significantly reduced underweight (RR 
0.35; 95% CI: 0.16, 0.77, 1 study). However, non-signifi- 
cant impacts were observed for height gain (SMD 0.34; 
95% CI: -0.09, 0.78, 4 studies), weight gain (SMD 0.43, 
95% CI: -0.42, 1.27, 4 studies) and stunting (RR 0.33; 95% 
CI: 0.11, 1.00, 7 studies). 

Recommendation for the LiST model 

Based on the volume and consistency of the evidence, the 
quality of available evidence was assessed to be that of 
'moderate' level (Table 1, 2, and 3). For input to Lives 



Saved Tool (LiST), we applied the CHERG rules for evi- 
dence review to the outcomes assessed for the impact of 
CF and education on complementary feeding on growth 
of children less than 2 years of age. As there was no data 
on mortality; either all-cause or cause specific, we used the 
rates of stunting to estimate that provision of CF with or 
without education will result in a 67% reduction in stunt- 
ing in food insecure populations while education on com- 
plementary feeding alone will result in a 30% reduction in 
stunting in food secure population. These recommenda- 
tions are for children aged 6-24 months. 

Discussion 

Despite clear evidence of the disastrous consequences 
of childhood nutritional deprivation in the short and 
long terms, nutritional health remains a low priority. 
Therefore, enhanced and rigorous actions are needed 
to deliver and scale up education and provision of 
complementary feeding interventions. In this review we 
have included trials that evaluated the disaggregated 
evidence of the impact of education on CF alone, and 
provision of CF with or without education (excluding 
those on food fortification and supplementary feeding) 
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Figure 6 Forest Plot for the effect of complementary feeding with or without education on HAZ scores: Food insecure population 



on growth and morbidity in children less than 2 years 
of age in LMICs. 

Our review indicates that in food secure population, edu- 
cation on CF had a significant impact on linear growth as 
evident by significant increase in height gain and HAZ 
scores, and also significantly improved weight gain, how- 
ever rates of stunting reduced non-significantly. Education 
in food insecure population also improved linear growth 
and weight gain as evident by significant increase in HAZ 
and WAZ scores and significant decrease in rates of stunt- 
ing. We did not find any study on provision of comple- 
mentary feeding (with or without education) from food 
secure population, however, from food insecure population 
the intervention improved HAZ and WAZ scores. Our 
review indicated that CF provision had no significant 
impacts on height or weight gain, while previous reviews 
[5,9] suggested otherwise, an explanation for this could be 
that these reviews also included studies that provided the 
intervention for less than 6 months, Imdad et al. [5], on 
the other hand, also included studies on children with 
moderate malnutrition. 

As part of causal chain, it is well recognized that educa- 
tional interventions improve feeding practices which then 
lead to improved growth outcomes. The educational 
messages should lay emphasis on the importance of 
appropriate home prepared foods, hygiene and high 



energy foods and it is important to assess the recall of 
the messages by mothers once the messages are delivered 
and our review suggest a significant 62% increase in com- 
pliance with the imparted messages, reinforcing the 
importance of such intervention. Considerable variations 
were observed in the types of educational messages deliv- 
ered and an attempt to assess the quality of educational 
messages and delivery strategies was difficult, but in gen- 
eral most of the studies delivered educational interven- 
tions of reasonably good quality with the appropriate use 
of charts, posters and booklets. The two studies that had 
the most impact on linear growth [15,21], also provided 
clear messages regarding the use of affordable home- 
prepared animal source products which indicates that 
giving messages specifically promoting the use of nutri- 
ent-rich animal products may have an impact on growth. 
However, financial constraints limit the possibility of 
including adequate amount of animal products in the 
child's diet, particularly among food insecure popula- 
tions. Thus, in food insecure populations these nutri- 
tional messages need to be combined with provision of 
adequate amounts of animal products. One option can 
be the use of protein-rich plant foods, however, most 
plant foods, especially staples, legumes, lentils and vege- 
tables contain anti-nutrients which can reduce the bioa- 
vailability of micronutrients and interfere with digestion. 



Cf - 



Study or Subgroup Std. Mean Difference 



SE 



- edu Control Std. Mean Difference 

Total Total Weight IV, Random, 95% CI 



Std. Mean Difference 
IV, Random, 95% CI 




Adu-Afarwuah 2007 
Lutter 1990 
Oelofse 2003 



0.3078 0.1514 
0.2639 0 1927 
-0.0223 0.366 



97 
49 
16 



Total (95% CI) 162 

Heterogeneity: Tau== 0.00; Chi== 0.69, df= 2 (P = 0.71); l*= 0% 
Test for overall effect: Z= 2.31 (P = 0.02) 



81 55.9% 

61 34.5% 

14 9.6% 

156 100.0% 



0.31 [0.01 , 0.60] 
0.26 1-0.11,0.64] 
-0.02 [-0.74, 0.70] 

0.26 [0.04, 0.48] 



Figure 7 Forest Plot for the effect of complementary food with or without education: WAZ scores: Food insecure population 



Lassi et al. BMC Public Health 2013, 13(Suppl 3):S13 
http://www.biomedcentral.com/1471-2458/13/S3/S13 



Page 7 of 10 



Table 1 Quality assessment of trials on nutrition education 



Quality Assessment 








Summary of Findings 




Directness 


No of events 












No of studies Design Limitations 


Consistency 


Generalizability 
to population of 
interest 


Generalizability 
to intervention 
of interest 


Intervention 


Control 


RR or SMD 

(95% CI) 


Height gain: Moderate outcome-specific quality 


6 studies RCT + Random effect model 
Food secure non was used because of 
[13,15,19,21] RCT heterogeneity 
Food insecure 

[16,17] 


3 studies 

suggest 

benefit 






1410 


1327 


SMD 0.35 (0.08, 
0.62) 

Food secure 
population 

SMD 0.00 (-0.15, 
0.16) 

Food insecure 
population 


Height for age: Moderate outcome-specific quality 


5 studies RCT + Random effect model 
Food secure non was used because of 
[14,15,19,21] RCT heterogeneity 
Food insecure 

[18] 


2 studies 

suggest 

benefit 






1007 


974 


SMD 0.22 (0.01, 
0.43) 

Food secure 
population 

SMD 0.25 (0.09, 
0.42) 

Food insecure 
population 


Stunting: Moderate outcome-specific quality 


Food secure RCT + Random effect model 
[14,15,19,21] non was used because of 
Food insecure RCT heterogeneity 
[18] 


1 study 
suggest 
benefit 






991 


949 


RR 0.70 (0.49,1.01) 

Food secure 

population 

RR 0.68 (0.60,0.76) 

Food insecure 

population 


Weight gain: Moderate outcome-specific quality 


7 studies RCT + Random effect model 
Food secure non was used because of 
[13,15,19,21] RCT heterogeneity 
Food insecure 

[12,16,17] 


4 studies 

suggest 

benefit 






1583 


397 


SMD 0.40 (0.02, 
0.78) 

Food secure 
population 

SMD 0.06 (-0.13, 
0.25) 

Food insecure 
population 


Weight-for-age: Moderate outcome-specific quality 


6 studies RCT + Random effect model 
Food secure non was used because of 
[14,15,19,21] RCT heterogeneity 
Food insecure 

[12,18] 


2 studies 

suggest 

benefit 






1260 


1150 


SMD 0.12 (-0.02, 
0.26) 

Food secure 
population 

SMD 0.26 (0.12, 
0.41) 

Food insecure 
population 


Underweight: Moderate outcome-specific quality 


1 study[16] RCT Fixed effects 




Only one study 
and to food 
secure population 




435 


394 


RR 1.03 (0.90, 1.18) 
Food secure 
population 



These include phytate and alpha amylase. Processing is 
required in order to reduce the content of anti-nutrients 
such as phytate or addition of alpha amylase in order to 
increase the impact of plant foods. This is in turn asso- 
ciated with additional cost and required expertise. 

Nutritional status has a strong and consistent relation to 
death from respiratory infections. Nutrition education and 



complementary feeding with or without education had a 
positive impact on reducing respiratory infections. A 
review by Rice et al. [28] reported that the risk of mortality 
from respiratory infections is increased by two folds to 
three folds if associated with anthropometric status. 
Respiratory infections are one of the leading killers of chil- 
dren in developing countries. Prevention of undernutrition 
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Table 2 Quality assessment of trials on complementary food with or without education 



Quality Assessment 








Summary of Findings 




Directness 


No of events 












No of studies Design Limitations 


Consistency 


Generalizability to 
population of 
interest 


Generalizability 
to intervention 
of interest 


Intervention 


Control 


RR or SMD 

(95% CI) 


Height gain: Moderate outcome-specific quality 


4 studies RCT Random effect model 
[1 7,24-26] was used because of 
heterogeneity 


2 studies 

suggest 

benefit 


To food insecure 
population 




257 


255 


SMD 0.34 
(-0.09, 0.78) 
Food 
insecure 
population 


Height for age: Moderate outcome-specific quality 


7 studies RCT Random effect model 
[1 7,22,24-26,29,30] +non was used because of 
RCT heterogeneity 


2 studies 

suggest 

benefit 


To food insecure 
population 




704 


948 


SMD 0.39 
(0.05, 0.73) 
Food 
insecure 
population 


Stunting: Moderate outcome-specific quality 


7 studies RCT Random effect model 
[17,22,24-26,29,30] +non was used because of 
RCT heterogeneity 




To food insecure 
population 




704 


948 


RR 0.33 
(0.11, 1.00) 
Food 
insecure 
population 


Weight gain: Moderate outcome-specific quality 


4 studies RCT Random effect model 
[1 7,24-26] was used because of 
heterogeneity 


1 study 
suggest 
benefit 


To food insecure 
population 




247 


255 


SMD 0.43 
(-0.42, 1.27) 
Food 
insecure 
population 


Weight-for-age: Moderate outcome-specific quality 


3 studies RCT+ Random effect model 
[22,25,30] non was used because of 
RCTs heterogeneity 


1 study 
suggest 
benefit 


To food insecure 
population 




162 


156 


SMD 0.26 
(0.04, 0.48) 
Food 
insecure 
population 


Underweight: Moderate outcome-specific quality 


1 study[30] Non 
RCT 




Only one study and 
to food insecure 
population 




170 


149 


RR 0.35 
(0.16, 0.77) 
Food 



insecure 
population 



can potentially have an indirect impact on reducing child- 
hood mortality through respiratory infections. 

There were a variety of complementary food(s) used as 
intervention in the included studies. Amongst these foods 
were maize, fortified fat based spread, food prepared from 
locally available raw ingredients, cereal and porridge. The 
scarcity of available studies and their heterogeneity as well 
as the variety in complementary feeding interventions 
makes it difficult to conclude one particular type of com- 
plementary feeding intervention as the most effective; 
moreover, the variation in the reported outcomes amongst 
studies makes it difficult to compare them. 

In future, further trials are needed particularly from 
food insecure population in which interventions are 
consistent and standardized in terms of study design 



and quality, complementary food chosen, duration of 
intervention and should report consistent outcomes for 
growth and morbidity. However, the available evidence 
is sufficient to recommend that in food insecure popula- 
tions, education should be accompanied with provision 
of affordable yet effective complementary food. Acceler- 
ated and concerted actions are required to deliver and 
scale up nutrition education and CF provision interven- 
tions that are cost-effective, feasible and effective in 
improving the nutritional status of children. 

Conclusion 

CF interventions have a high potential to improve the 
nutritional status of children in developing countries. 
Nutrition education interventions should be combined 
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Table 3 Quality assessment of trials on complementary food with or without education 



Quality Assessment 








Summary of Findings 




Directness 


No of events 












No of Design Limitations 
studies 


Consistency 


Generalizability to 
population of 
interest 


Generalizability to 
intervention of 
interest 


Intervention 


Control 


RR or 
SMD (95% 
CI) 


Respiratory infections: Moderate outcome-specific quality 


3 studies RCT Random effect model was 
[20,22,26] used because of 
heterogeneity 


One study 
suggest benefit 






375 


448 


RR 0.67 
(049, 0.91) 


Diarrhea/vomiting: Moderate outcome-specific quality 


3 studies RCT Random effect model was 
[20,22,26] used because of 
heterogeneity 


None of the 
study suggest 
benefit 






424 


488 


RR 0.75 
(042, 1 .35) 


Fever: low outcome-specific quality 


2 studies RCT Random effect model was 
[1 7,22] used because of 
heterogeneity 


None of the 
study suggest 
benefit 






195 


187 


RR 0.89 
(041, 1.90) 



with provision of CF that are affordable, particularly in 
food insecure countries. 

Additional material 



Additional File 1: Characteristics of studies on impact of education 
on complementary feeding. 

Additional File 2: Characteristics of studies on impact of provision 
of complementary feeding with or without education. 
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